Introduction
Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart disease [1] , with only a few patients reaching adulthood without surgical correction; ten percent may survive to their 30s but only 3% reach their 40s or older [2] and survival beyond the seventh decade of life is even rarer [3] . The patients with severe RVOT obstruction have more frequent early hypoxic spell events. Unrepaired TOF patients with mild to moderate RVOT obstruction may be clinically silent until adulthood. So, hypoxic spell typically occurs in a crying infant but is rare in an adult [4] .
We reported the case of a 75-year-old natural survivor with uncorrected TOF presenting with hypoxic spell. To our best knowledge, this is the oldest case of natural survivor with uncorrected TOF in Korea and the oldest patient presenting hypoxic spell worldwide.
Case
A 75-year-old male patient visited the emergency department of our hospital due to cyanosis and dyspnea. He recently had worsened dyspnea and heart function in class III, New York Heart Association (NYHA). His perinatal history was unknown.
He had been diagnosed with TOF 20 years ago but no surgical correction was done due to nearly asymptomatic childhood. He occasionally complained of exertional dyspnea without hypoxic spell. Recently, he had become symptomatic, with progressive dyspnea and cyanosis. On visiting the emergency department Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart disease. Only a few patients reach adulthood without surgical correction. Unrepaired TOF patients with mild to moderate right ventricular outflow tract (RVOT) obstruction may be clinically silent until adulthood. TOF with hypoxic spells present as periods of profound cyanosis that occur because of almost total RVOT obstruction. So, hypoxic spell typically occurs in a crying infant but is rare in an adult. In this report, we presented a case of a 75-year-old patient with uncorrected TOF presenting with hypoxic spell, consequent pulmonary hypertension and chronic heart failure. This is the oldest case of natural survivor with uncorrected TOF in Korea and the oldest patient presenting hypoxic spell worldwide. (Fig. 3) . But, during hypoxic spell, the echocardiography changed to predominantly right-to-left shunt through the VSD (PG, 80.49 mmHg) and more severe subvalvular PS (velocity, 5.54-6.14 m/sec) (Fig. 4) .
Case Report
Chest high resolution computed tomography (HRCT) showed no evidence of pulmonary thromboembolism, but revealed car-B A On the 4th hospital day, bosentan (endothelin receptor antagonist) was added and LMWH was substituted with clopidogrel.
Subsequently, he presented no more hypoxic spell and attained oxygen saturation of 90%-93% with oxygen supply. His general condition and oral intake were noticeably improved on the 5th hospital day and his oxygen saturation was maintained between 88%-93% without oxygen. He was considered well enough to be discharged on the 7th day and went to sanatorium for further recuperation. The oral medications after discharge included bosentan, furosemide, spironolactone, clopidogrel, amiodarone, and perindopril.
After discharge, he was doing well without dyspnea and oxygen saturation was maintained above 90% without oxygen supply. He and his family refused any surgical treatment and any invasive procedure mainly due to concerns of his old age and comorbidities.
Discussion
The hypoxic spell is an episodic central cyanosis due to total occlusion of right ventricular outflow in a patient with a congenital heart disease, such as TOF. It is characterized by paroxysm of hyperpnea, irritability and prolonged crying, increased cyanosis and decreased intensity of heart murmur. If not treated in time, it may lead to limpness, seizure, neurological deficit and death [5] . It is most likely to be seen in a child less than 2 years old, upon waking up in the morning and following crying events [6] , but is rare in adult. Anders and Fuchshuber [4] reported cyanotic spell in a 69-year-old woman with pentalogy of Fallot, who was younger than our patient. Our patient showed relatively moderate stenosis of the RVOT, with a bidirectional shunt predominantly left-to-right through the VSD at rest, explaining the absence of severe cyanosis in his childhood.
In TOF, the level of cyanosis and onset of cyanotic spell is determined by the systemic vascular resistance (SVR) and degree of RVOT obstruction. Some theories have been proposed as possible explanation for the cause of hypoxic spells [5] . Guntheroth et al. [7] reported that episodes of paroxysmal hyperpnea are the cause rather than the effect of cyanotic spells. The hypoxic spell of our patients was initiated by hyperpnea and the cause of worsening hyperpnea was not corrected. Nevertheless, his anxiety may have influenced increasing hyperpnea.
Typically, hypoxic spells occur early in the morning. The possible aggravating factors are anxiety, fever, anemia and sepsis.
But, our patient`s hypoxic spell was not related to other causes such as specific time, feeding, and bowel movement except anxiety.
Variable factors could have affected the patient's hemodynamics and contributed to prolonged survival; however, the hemodynamic balance is not clearly explained. The PA pressure measurement through cardiac catheterization is necessary to know more accurate hemodynamics. However, the patient was so old and the caregivers did not want to do any further studies.
We think that the limit of this study is not measuring the data more accurately. Although TOF and consequent PA hypertension (PAH) are difficult to compatible at all, but when combined with computed tomography and echocardiography findings, if the infundibular stenosis secondary to Eisenmenger syndrome occurs, the PA pressure would be very high, so there would not be high PG at infundibulum. But, the patient had a lot of PG at infundibulum. In addition, PA is less than aorta and there was no central-peripheral PA discrepancy. The patient was considered to be more appropriate for TOF. The PV of the patient was Song HY, et al very static and thickened. The subvalvar PS was main, but there was also mild valvar PS. When PG was measured by echocardiography, mild valvar PS was also present. Therefore, there was no problem in diagnosing TOF in this patient.
If echocardiographic data were available for the patient in the youth, it would be more meaningful to observe the changes in the mild TOF over time. Unfortunately, we could not get it because it was too old data.
Prolonged survival of patients with uncorrected TOF is often associated with a well-developed LV [8] . PAH might be caused by pulmonary agenesis, hypoplasia and/or thrombosis, inadequate closure of the VSD, relief of the PS, or an excessively large prior systemic-to-pulmonary shunt. Moreover, patients with TOF who are diagnosed as inoperable because of the presence of PAH show similar hemodynamic and clinical features to patients with Eisenmenger syndrome [9] . In our patient, the LV function was not good but systemic hypertension may also play a role in the balancing of pressure between the two ventricles.
The hemodynamic consequences for both the right and left ventricles are significant. In infancy, pulmonary vasodilator is not used for hypoxic spell, because decreasing pulmonary vascular resistance may increase left to right shunt. Our patient had no possibility of total correction, hence we considered more symptomatic than curative treatment.
Pulmonary vasodilator is not a treatment option for hypoxic spell but since the symptom showed no improvement to typical hypoxic spell treatment, we tried bosentan for pulmonary vasodilation. In cases without systemic hypertension, medication for increasing SVR like intravenous phenylephrine is indicated. In our patient, the hypoxic spell markedly improved after administration of bosentan; however, drug action mechanism is not exactly known.
Finally, considering the benign course of this congenital heart disease, we performed conservative medical treatment alone without invasive diagnostic or therapeutic management.
Currently, adult patients with uncorrected TOF are a rarity.
Nevertheless it is important to improve their quality of life and relieve symptoms such as hypoxic spells. This case report highlights the need for additional study on treatments to improve the hypoxic spells for adulthood.
